Objective: This study evaluated the effect of endurance exercise on myosin heavy chain (MHC) isoform expression in soleus muscle of diabetic rats with peripheral neuropathy Design: Male Sprague Dawley rats were randomly divided into four groups: control sedentary, diabetic sedentary, control exercise, and diabetic exercise. The exercised animals performed treadmill running five times per week. After 12 wks, electrophysiologic testing documented peripheral neuropathy in the diabetic rats. The soleus muscles were then excised and quick-frozen. Cross-sections were immunohistochemically stained for slow, fast, developmental, and neonatal MHCs. Fiber-type composition and fiber cross-sectional areas were then determined.
Di abetes mellitus (DM) is a condition of disordered glucose metabolism characterized by hyperglycemia. In humans, both type I and type II diabetes are associated with complications such as cardiac disease, renal disease, and neuropathy. 1, 2 The most common sensorimotor neuropathy of human diabetes is peripheral neuropathy, affecting lower limbs more than upper limbs. 3 Clinical manifestations of this neuropathy include impaired sensation in feet, hands, or both, which may progress to include muscular weakness. 3 Electrophysiologic testing in diabetic peripheral neuropathy may be characterized by decreased sensory and motor nerve conduction velocities and by decreased sensory nerve and motor compound muscle action potential amplitudes. 4 Many individuals show subclinical evidence of neuropathy at the time of diagnosis of diabetes. 5 Standard treatment for human DM includes insulin or oral hypoglycemic medication, diet management, and exercise. 1 One goal of exercise is to enhance uptake of glucose by skeletal muscle, with consequent lowering of blood sugar, which is a known benefit of endurance exercise. 1 Therefore the emphasis in DM has historically been on aerobic or endurance exercise for blood sugar control. 1, 6 Less well understood is the possible effect of endurance exercise on properties of skeletal muscles affected by motor peripheral neuropathy. Because many persons show subclinical evidence of neuropathy at the time of diagnosis of diabetes, 5 and because aerobic exercise may well be prescribed for them, this question is clinically relevant.
There are several rodent models of DM. One of the most common methods for producing diabetes is injection of streptozotocin (STZ), a pancreatic beta cell toxin. This model is most commonly used as a model of Type I DM, although these animals can survive without exogenous administration of insulin. 7 Diabetic motor neuropathy has been documented in this model of DM, 7, 8 and therefore, the STZ-diabetic rat serves as a model for study of human diabetic peripheral neuropathy. However, the nerve pathology in the STZ rat model exhibits less evidence of frank axonal loss and demyelinization than that seen in human diabetic neuropathy. 7 Such changes are apparently not totally absent though. Brown et al. 9 described a mild decrease in numbers of myelinated nerve fibers in addition to abundant myelin debris in nerves to interosseous muscles of STZ-diabetic rats. Skeletal muscle presentation in human neuropathic disease has been well described. 10 Skeletal muscle presentation in the peripheral neuropathy of the STZ-diabetic rat has been studied less extensively.
Standard histologic evaluation of skeletal muscle includes use of hematoxylin and eosin (H&E) staining, which allows for the evaluation of general anatomic characteristics. Myofibrillar adenosine triphosphatase histochemistry allows the determination of myofiber-type composition. Immunohistochemistry provides information that may not be evident from use of myofibrillar adenosine triphosphatase. Such information includes patterns of myosin heavy chain (MHC) isoform coexpression and immature MHC isoform expression. 11, 12 Immunohistochemistry also may allow the identification of fiber-type grouping that is not evident with myofibrillar adenosine triphosphatase. 11, 12 MHC isoform expression in skeletal muscle of sedentary STZ diabetic rats differs from nondiabetic muscle, 13 and the expression pattern is similar to that seen with denervation, 14, 15 but the reason for this presentation is not known, especially because pathologic characteristics of the peripheral nerves in the STZ-diabetic rat seem to be less severe than in human diabetic neuropathy. General anatomic characteristics from H&E staining have not been routinely documented in diabetic muscle.
The purpose of this study was to evaluate the effect of chronic endurance exercise on MHC composition and other selected histologic characteristics in the soleus muscle of STZ-induced diabetic rats with peripheral neuropathy. It was hypothesized that diabetic, neuropathic muscle would respond to such exercise with shifts in MHC expression toward nondiabetic levels. It was also hypothesized that anatomic characteristics in muscle of the exercising diabetic rats would show influences both of peripheral neuropathy and of endurance exercise.
METHODS

Animal Protocol
A total of 32 male Sprague Dawley rats (Charles River, Wilmington, MA), weighing 200 -250 g, were randomly assigned to control or diabetes groups. Diabetes was induced by intravenous administration of STZ, 50 -60 mg/kg (Sigma, St. Louis, MO), in saline solution. Control rats received intravenous saline injections. To be included in the study, plasma glucose levels of Ն250 mg/dl were required. Samples for serum glucose were drawn beginning 5 days after the STZ injection. After verification of consistent hyperglycemia on blood draws for 3 days, plasma glucose determinations in the diabetic rats were obtained three times weekly by the glucose oxidase method (Glucose Analyzer II, Beckman Instruments, Palo Alto, CA). Neutral protamine hagedorn (NPH) human insulin (Novolin, recombinant DNA origin, Novo Nordisk Pharmaceuticals, Inc., Princeton, NJ) was administered on a sliding scale to the diabetic
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Myosin Heavy Chains, Diabetes, and Exercise groups. 16 The insulin was administered at the beginning of the animals' active phase in the evening. The dose of insulin administered was sufficient to prevent life-threatening metabolic complications, but was not intended to provide tight glucose control 17 due to concern about hypoglycemia, especially in the exercisers. Insulin was administered for serum glucose of Ͼ200 mg/dl and usually was given daily. Mean insulin dose was 2.5 units for the diabetic sedentary group and 2.3 units for the diabetic exercise group. Serum glucose monitoring and insulin administration were continued for 12 wks. Plasma glucose in control animals was determined at the beginning and end of the experimental period. The rats were weighed at the beginning and end of the experimental period. All animals were fed standard rat chow and water ad libitum. They were all housed in the same room in inverted 12-hr dark-light cycles. All procedures were approved by the Institutional Animal Care and Use Committee at the University of Minnesota.
Exercise Protocol
The diabetic and control rats were randomly divided into sedentary and exercising groups (CS, control sedentary; DS, diabetic sedentary; CE, control exercise; and DE, diabetic exercise; n ϭ 8 per group). The sedentary animals were limited to cage activity. The animals in the diabetic groups began their exercise programs 1 wk after the insulin administration was instituted. The exercised animals performed a treadmill running program 5 days/wk for 12 wks. 18 Before institution of the formal running program, there was a 2-wk accommodation period during which the animals were trained to run on the treadmill. The actual training program began with the rats running for 60 mins at 15 m/min and an incline grade of 10%. Thereafter, the running speed was increased at 2-wk intervals until a maximum speed of 27 m/min was reached. Grade continued at an incline of 10% throughout the entire program. Beginning with the fifth week of training, running times were 50 or 60 mins on alternate days to optimize animal cooperation and to avoid overtraining. This protocol was sufficient to induce increases in citrate synthase of the white gastrocnemius in the exercisers. 19 At the end of the 12-wk experimental period, each animal was deeply anesthetized with intraperitoneal sodium pentobarbital (Nembutal sodium, Fisher Scientific, Fair Lawn, NJ), 50 -60 mg/kg. Electrophysiologic testing was performed on the left leg to determine nerve conduction velocities and compound motor action potential amplitudes in the tibial and sciatic nerves. 8, 9 This testing was done to verify the presence or absence of peripheral neuropathy. Care was taken to avoid trauma to the soleus muscle during those procedures. After the completion of the electrophysiologic testing and with the animal still deeply anesthetized, the left soleus muscles were excised, weighed, and flash frozen in isopentane over liquid nitrogen. Specimens were stored at Ϫ80°C. until cross-sections were prepared.
Tissue Staining and Analysis
Muscles samples were taken from mid-belly and sectioned (10 m in thickness) in a cryostat (Leica Cryosystems, Nussloch, Germany) at Ϫ20°C. Sections were placed on gelatinized slides for staining. The tissue was stained with H&E for morphologic assessment. Immunohistochemical staining for MHC isoforms was performed using standard procedures. Monoclonal antibodies to slow, fast, developmental, and neonatal MHCs were used (Novocastra, Newcastle upon Tyne, UK). These antibodies were of the immunoglobulin G class and were raised in mouse. They were specifically approved for use in immunohistochemistry. The immature MHC isoforms were examined as evidence of either myofiber regeneration or myofiber isoform switching. Antibody dilutions were as follows: slow, 1:20; fast, 1:10; developmental, 1:10; and neonatal, 1:10. Controls were included in which the primary antibody incubation was omit- ted. Fibers were typed according to their MHC isoform expression patterns (Fig. 1) .
Digital images were obtained of stained crosssections that were matched for cells that could be identified in the four MHC stains. The images were obtained through a microscope at a magnification of 225ϫ and used to determine myofiber types and cross-sectional areas. An average of 300 -400 cells was counted per muscle. Each of four myofiber types (slow, fast, developmental, neonatal) were identified. Identification was further broken down into patterns of MHC coexpression (slow ϩ fast, fast ϩ developmental, etc.), and fiber-type percentages were calculated from the numbers of cells counted.
Due to the small proportion of fibers that expressed the developmental MHC, further quantification of developmental MHC-expressing fibers was performed by taking digital images through the microscope as before, but with a magnification of 180ϫ as opposed to 225ϫ. The number of images taken was the largest number that could fit onto a whole cross-section of each muscle. The total number of developmental MHC-expressing fibers were then counted in these images and expressed as the number of developmental-positive cells per square millimeter of muscle.
Digital images of the sections stained for H&E were obtained at 225ϫ and evaluated for muscle fiber shape, nucleus position, and presence of inflammatory infiltrates by visual inspection of the photomicrographs. The sections stained for MHC were additionally evaluated for presence or absence of fiber-type grouping, an indicator of reinnervation. 20 
Statistical Analysis
Descriptive statistics included mean and standard error of the mean values. Differences between groups were determined using two-way analysis of variance. Statistical analyses were performed using NCSS (Kaysville, UT) statistical program. Significance level was set at P Յ 0.05.
RESULTS
Animal Characteristics
Body weights, soleus weights, soleus/body weight ratios, serum glucose, and electrophysiologic values are shown in Table 1 . Serum glucose values were significantly greater in the diabetic than in control animals, but there was no difference between diabetic groups. Electrophysiologic data were consistent with peripheral neuropathy in the diabetic animals 8, 9 in terms of decreased distal tibial compound motor action potential amplitudes. 
Fiber Types
In general, the diabetic muscles expressed mature (slow and fast) MHC isoforms in proportions more similar to each other than to controls (Fig.  2) . Overall percentages of fibers expressing the slow MHC isoform were: DS, 86.3% Ϯ 3.2%; DE, 86.3% Ϯ 2.7%; CS, 92.1% Ϯ 2.4%; CE, 95.7% Ϯ 1.5%. Overall percentages of fibers expressing the fast MHC isoform were: DS, 22.6% Ϯ 3.4%; DE, 25.2% Ϯ 1.9%; CS, 13.5% Ϯ 2.4%; CE, 13.1% Ϯ 3.5%. This pattern was not seen with developmental MHC expression, however. In that case, the exercise groups were more similar to each other than to their analogous controls (Fig. 2 and Fig. 3 ). Overall percentages of fibers expressing the developmental MHC isoform were: DS, 1.6% Ϯ 0.6%; DE, 3.8% Ϯ 1.6%; CS, 0.8% Ϯ 0.4%; CE, 2.0% Ϯ 0.4%. When presented as number of developmental-positive cells per square millimeter, these values were: DS, 1.5 Ϯ 0.6; DE, 3.8 Ϯ 1.2; CS, 0.6 Ϯ 0.2; CE, 3.0 Ϯ 1.2. Fibers co-expressing both slow and fast MHC isoforms were present in all groups in essentially equal proportions (Fig. 4) . Overall percentages of fibers co-expressing the slow ϩ fast MHC isoforms were: DS, 7.7% Ϯ 1.7%; DE, 9.3% Ϯ 1.6%; CS, 5.2% Ϯ 0.9%; CE, 7.3% Ϯ 1.9%.
No fibers were found that expressed the developmental or neonatal MHC isoforms alone. Immature MHC isoform expression only took the form of coexpression with mature MHC isoforms. The most common immature MHC expression was developmental coexpressed with slow and fast MHC (expressed as percentage of total developmental-positive fibers: 50.0% in CS, 62.5% in DS, 80.0% in CE, and 55.3% in DE).
Fiber Cross-sectional Areas
There were no significant differences in myofiber cross-sectional areas between the groups across all fiber types. The myofibers expressing only the mature MHC isoforms were larger than the myofibers co-expressing mature and immature MHC isoforms (mean cross-sectional areas: mature, 3626 m 
Other Histologic Characteristics
H&E staining revealed central nuclei in all muscles, but their frequency did not greatly differ between groups (number per square millimeter: 1.1 Ϯ 0.3 in CS, 1.1 Ϯ 0.3 in DS, 0.6 Ϯ 0.3 in CE, and 1.7 Ϯ 0.6 in DE). The myofibers with central nuclei did not regularly express immature MHC isoforms. Evidence of fiber splitting was seen in the CE group but was essentially absent in the other groups.
Small, angulated fibers were more commonly present in the diabetic muscles than in the others (Fig. 5) , with numbers per square millimeter as follows: 0.5 Ϯ 0.2 in CS, 2.9 Ϯ 0.8 in DS, 1.3 Ϯ 0.4 in CE, and 2.4 Ϯ 0.8 in DE). These fibers most often coexpressed the slow and fast MHCs. Myofibers positive for slow, fast, and developmental MHC coexpression were noted but were less common.
Clusters of myofibers of the same type were noted with the immunohistochemical staining of only one of the eight CS rats. However, six of eight DS animals showed clusters of either fast ϩ slow or fast ϩ slow ϩ developmental fibers (Fig. 6) . Five of eight DE rats showed fiber-type clusters of either fast ϩ slow or fast ϩ slow ϩ developmental fibers (Fig. 7) . Four of eight CE animals exhibited fibertype clusters, but all were primarily slow ϩ fast or fast only and had a minimal immature MHC com- ponent (not shown). The fibers in the CE fiber-type clusters also were larger as a rule than the fibers in the clusters from the diabetic animals. There were usually at least two fiber-type clusters per muscle in the DE and CE rats, but usually only one cluster per DS muscle.
FIGURE 2 Myosin heavy chain (MHC) isoform
H&E staining of these fiber-type clusters revealed increased perifascicular connective tissue and inflammatory infiltrate between myofibers in two of the larger clusters in DE muscles (Fig. 7) , along with an increased rate of central nuclei. The remaining clusters exhibited no pronounced inflammatory infiltrates and no increase in numbers of myofibers with centralized nuclei.
Another interesting finding with immunohistochemistry was that developmental and fast MHC expression in single fibers at times differed along the length of the fiber. This occurrence was present in the diabetic rats and in the CE group, primarily in the fiber-type clusters (Fig. 8) .
DISCUSSION
The results of this study revealed several differences between the four groups of experimental animals, with the greatest differences between control and diabetic rats rather than between sedentary and exercising groups. The distal tibial nerve compound motor action potential amplitudes were lower in the diabetic groups than in controls, indicating the presence of diabetic peripheral motor neuropathy. 8, 9 The proportions of muscle fibers expressing the fast MHC isoform, alone or in coexpression, were greater in the diabetic animals when compared with their analogous controls. The percentages of myofibers expressing only the slow MHC isoform were lower in the diabetic groups than in the associated controls. Departing from this pattern was the number of fibers expressing the developmental MHC per unit area. These numbers were greater in the exercised groups than in their sedentary counterparts. Myofiber cross-sectional areas did not differ between groups, but the myofibers expressing developmental MHC were smaller than those expressing only mature isoforms. Small angular fibers were more numerous in the diabetic rats than in controls. Fiber-type clusters were present in DS, DE, and CE groups. These clusters were comprised primarily of fibers co-expressing slow and fast MHC or developmental with slow and fast MHC (more common in the diabetic animals). Inflammation was present in several of the DE fiber-type clusters but was absent in the fiber-type clusters in the CE and DS animals. MHC expression at times differed along the myofiber length in diabetic and CE muscles within fibertype clusters.
Animal Characteristics
The body weights, muscle weights, and relative muscle weights in this study are consistent with other studies of moderate endurance training in rats. 21, 22 The fact that the muscle weights of the diabetic animals were not different from the controls is evidence of the effects of insulin, 23 although plasma glucose levels were not tightly controlled.
Slow and Fast (Mature) MHC Expression
The slow and fast MHC expression patterns in the control groups are consistent with published data on muscle response to moderate endurance training. 21, 22 We know of no previously published data on mature MHC isoform expression in soleus of exercising diabetic rats. The increase in overall fast MHC expression, either single expression or coexpression, along with the decrease in slow-only MHC expression in both diabetic groups is consistent with a previous investigation that has been performed on diabetic rat muscle. An acrylamide gel electrophoresis analysis of soleus muscle from STZ-induced diabetic rats 13 revealed that diabetes was associated with a decreased percentage of myofibers expressing the slow MHC isoform and an increased percentage of myofibers expressing the fast MHC isoform. It was concluded that such a presentation could be consistent with either decreased activity or with neuropathy. The animals in that study were sedentary and were not administered insulin. They also were not formally tested for the presence of neuropathy.
Results from the current study seem to provide evidence against inactivity as being a contributing factor to the altered fiber-type composition in the diabetic animals. However, the results may also indicate that chronic, moderate-intensity endurance exercise is not a sufficient stimulus to alter the soleus MHC isoform expression in these rats. Increased expression of fast MHC and decreased expression of slow MHC has been described in conditions of decreased neuromuscular activity such as hind-limb unweighting. 24, 25 It seems that the myofiber population in skeletal muscle readily adapts to altered functional demand and encompasses a continuum of fiber types as a result. It may be that a more intense or more prolonged endurance training program would have had different results than in the current study.
Soleus muscle denervation is another condition in which there is a skeletal muscle fiber-type shift from predominantly slow MHC expression to increased fast MHC expression. 14, 15 Thus, the MHC composition of the diabetic muscles in the current study may be considered similar to that of denervated muscle. However, although not absent, the extent of nerve fiber loss or demyelinization observed in the peripheral nerve of the STZ rodent model of diabetes seems to be less extensive than in humans. 7 Therefore, the presence of neuropathyrelated muscle denervation may be less likely in the STZ diabetic rat than in the human. Further study is necessary to define the presence and extent of muscle fiber denervation in the STZ rat model.
There is only limited information available on muscle histochemistry when documented neuropathology and endurance exercise are combined. One such investigation 26 evaluated fiber type and cross-sectional areas in soleus muscle after sciatic nerve crush in rats subjected to chronic swimming exercise. No change in fiber type or fiber crosssectional area was observed, nor were central nuclei or split fibers seen in the rats subjected to this type of endurance exercise. The form of endurance exercise clearly makes a difference. Swimming is a non-weightbearing exercise, whereas inclined treadmill running involves weightbearing and repetitive eccentric contractions of the soleus. Thus, it is not surprising that the results differ with these two exercise paradigms. In a more recent study, 27 6 wks of treadmill running in rats did not alter the fiber type of denervated soleus, as visualized with myofibrillar adenosine triphosphatase staining, when compared with denervated muscle from sedentary animals. Both sedentary and exercised denervated muscles exhibited higher percentages of type II (fast) fibers and lower percentages of type I (slow) fibers compared with nondenervated controls. Although the fiber-type composition of the exercising diabetic rats in the current study exhibited similar response to treadmill exercise as that of denervated muscle, it is not clear if denervation contributes significantly to the current results. Additional factors may require consideration, such as exercise intensity, vascular status, and metabolic factors.
Mature MHC Coexpression
A small percentage of myofibers in all groups coexpressed slow and fast MHC isoforms. Because these percentages did not differ between groups, it seems possible that this degree of coexpression is a normal occurrence. Slow with fast MHC coexpression has previously been described in normal rodent muscle.
24,28
Immature MHC Expression
Previous investigations have documented low levels of developmental MHC expression in normal soleus muscle. 29 -31 This result has been postulated to be due to the postural function of the soleus, presumably resulting in a small amount of ongoing muscle injury and regeneration. Increased developmental MHC expression also has been described in soleus muscles of nondiabetic adult rats after a bout of downhill treadmill running. 29 Both groups of exercising animals in the current study exhibited an increased expression of myofibers positive for developmental MHC isoform compared with their sedentary counterparts. This finding could be indicative of increased muscle injury and regeneration in the context of the repetitive soleus contractions that occurred with uphill treadmill running. It may be that the uphill running induced increased stretch of the soleus during the weightbearing portion of each stance phase. Such added stretch could result in greater mechanical injury to the muscle with consequent fiber regeneration. To our knowledge, no studies have evaluated soleus muscle injury and regeneration with low-intensity, high-repetition contractions occurring over many weeks.
Cross-sectional Areas
Muscle fiber cross-sectional areas did not differ between groups. In the control animals, this result was seen in other studies of muscles subjected to aerobic training. 21, 32 Interestingly, in the diabetic animals, fiber areas are not significantly different from controls. This result may, in part, be due to the insulin treatment, although hyperglycemia was maintained. Insulin is known to inhibit protein catabolism 23 and to improve peripheral nerve conduction velocity, nerve blood flow, and axonal transport in diabetic rats. 16, 33 Therefore, small amounts of insulin may have beneficial effects on muscle distinct from decreasing hyperglycemia.
Other Histologic Characteristics
The pattern of fibers expressing fast MHC in the soleus was generally diffuse in the muscles of both diabetic groups. This pattern seems to be consistent with a diffuse and distal neuropathic process in diabetes. 34 Variability in MHC expression along the length of a muscle was also present in the current study. This occurrence has previously only been described as a feature of denervated muscle. 35 The small, angulated fibers that were present in both groups of diabetic soleus muscles are indicative of myofiber atrophy and are associated with denervation. 10 The frequency of these small angulated myofibers was similar between diabetic groups, although it was somewhat less in the DE animals. From these data, it is not clear that chronic endurance exercise is associated with lesser degrees of fiber atrophy in the soleus muscle. However, these data provide evidence that focal myofiber injury or perhaps focal muscle denervation is not increased by chronic endurance training. Therefore, it seems that no additional muscle damage is incurred by such a training program.
The inflammatory infiltrates seen in the larg- est DE fiber-type clusters are consistent with mechanical injury to the muscle. 36 It is unknown whether these infiltrates indicate a phase of recovery or a phase in further degeneration, and this process will be the subject of future studies.
Although formal definition of fiber-type grouping in rat muscle is not provided in the literature, fiber-type clusters similar to those seen in the current study have been described in several other investigations in rats. The clusters have been interpreted as evidence of muscle fiber reinnervation by collateral sprouting. 11, 20 The presence of fibertype clusters in both diabetic groups may indicate ongoing reinnervation of small groups of denervated fibers. The low frequency with which the small fiber-type groups are seen in the diabetic muscles may be an indicator of small amounts of nerve fiber loss that may be occurring as a result of the neuropathy. The occurrence of fast MHC fibertype clusters in the CE animals is consistent with mechanical injury combined with small levels of denervation/reinnervation in this postural muscle. The fact that the DE clusters expressed more developmental MHC than the CE clusters may indicate that the reinnervation process is still in transition in the diabetic animals, whereas the process is completed in the CE rats. To the authors' knowledge, pathogeneses for fiber-type grouping, other than reinnervation, have not been described.
CONCLUSION
This study shows that the soleus in animals with diabetic peripheral neuropathy exhibits characteristics that include increased fast MHC expression, the presence of small angulated fibers, and fiber-type clustering. The fiber-type composition, as defined by MHC expression, is not altered by 12 wks of moderate endurance training. The reasons for the fiber-type shift are not clear because the degree of peripheral nerve degeneration in the STZ rat model of diabetic neuropathy is less than in the human form of this condition.
Active fiber regeneration occurs with endurance training, and this hypothesis is supported by the observation of increased developmental MHC expression in both exercising groups. This result may be a response to mechanical injury to the soleus incurred by eccentric contractions during uphill treadmill running. There is an increase in inflammatory infiltrate in the fiber-type clusters in the DE animals compared with those in the other groups. This finding may be evidence of a particular susceptibility of newly reinnervated muscle to mechanical injury.
The data obtained in this study indicate that endurance exercise in mildly neuropathic muscles does not worsen the fiber-type manifestations seen in muscle of sedentary rats with diabetes. In addition, there is evidence that neuropathy-associated myofiber atrophy and angulation are not worsened with endurance training in the diabetic, neuropathic muscles.
Additional studies are needed to better understand the effects of endurance exercise on diabetic skeletal muscle to most accurately advise patients as to which types of exercise will improve blood sugar control while not exacerbating nerve and skeletal muscle complications in DM. For now, these data seem to support the general advisability of moderate-intensity aerobic exercise for patients with mild peripheral neuropathy. Minimal muscle damage seems to occur if this type of exercise is undertaken when mild neuropathy is present.
